ABSTRACT
INTRODUCTION
The Seasonal Semidecidual Forest of the North Paraná state (Southern Brazil) , where only 2% of mature Atlantic forest are remaining, is one of the most threatened Brazil's ecosystems, represented by almost only small isolated fragments, many of which exhibiting structural alterations, due to selective logging, reduction of populations, and edge effects Malcolm, 1994) . The remaining populations have to deal with isolation effects, reduced between-patch dispersion, lack of pollinators and dispersers. The overall effects of these processes are gene flow reduction and endogamy increase (Murcia, 1996) . According to Simberloff (1998) , conservation strategies based on keystone species can contribute to the conservation of entire ecosystems. One of these strategies is the use of genetic diversity monitoring as a tool to access key species populations status, and use this information to propose methods for habitat fragments conservation and management. Aspidosperma polineuron Muell. Arg., locally named as Perobarosa, can be seen as a keystone species in Seasonal Semidecidual Forest, due to its high biomass (up to 40% of total aboveground live biomass, Trevisan, 1998) . A. polyneuron was one of the most common tree species in Northern Paraná region and it was intensely used for buildings and furniture. Due to its late reproductive phase (50 years or more) and very slow growth rate (10 to 15 years to reach 5cm of breast height diameter), A. polyneuron conservation cannot rely only in ex situ strategies, such as seed collections. Genetic variability conservation of this species can only be achieved through conservation of natural populations, which are strongly reduced and scattered due to heavy fragmentation of Atlantic Forest.
DNA-based molecular techniques have been used in many plant population genetic studies (Lerceteau et al., 1997; Gillies et al., 1999; Sales et al., 2001; Caraffa et al., 2002) . According to Lu et al. (1996) , intra and inter-population genetic diversity is better accessed when randomly dispersed molecular markers are detected, because they cover a higher genome portion. Molecular markers obtained by RAPD (Random Amplified Polymorphic DNA) show those characteristics and can be useful for biodiversity studies. The purpose of this study was to screen the genetic variability of fragmented A. polyneuron populations, using RAPD markers, in order to help assess the actual level of forest fragments conservation of different sizes and isolation degrees. One key feature of this study was that, as a consequence of A. polyneuron life history traits (long life -up to hundreds of years, slow growth and late reproductive age), it was possible to identify a pre-fragmentation cohort (the today's adults) and a post-fragmentation one (the seedlings), as long as the process of fragmentation in our study area has 60-80 years only.
MATERIAL AND METHODS
Sampling sites were selected visiting different fragments to verify the occurrence of adults and seedlings of A. polyneuron, and using a forest map derived from Landsat-TM imagery. The process was finished with 6 fragments varying in size and isolation degrees. A conservation unit "Parque Estadual Mata dos Godoy" (PEMG) was included as the greater and the best conserved fragment, free of selective logging and other direct impacts. Data about size of fragments and border-to-border distance to the nearest neighbor (NND) containing populations of A. polyneuron were recorded. Distances between pairs of sample sites were recorded ignoring fragment borders.
DNA extraction, amplification and gel electrophoresis
Samples of young leaves of 10 adults were collected, and packed in ice chests for transport and stored at -20 o C. Seedlings were removed from the field, transferred to the greenhouse and leaves where collected and stored at -20 o C. Genomic DNA extraction was carried out following Yu et al. (1993) Electrophoresis of amplified samples were made at 130V, in 1.0% Agarosis (Gibco), containing 3µl of 10g/ml ethidium bromide in TAE buffer (0.04M Tris-acetato; 0,01M EDTA, pH 7. 5-7. 8).
Statistical analysis
Statistical analysis was performed using the TFPGA software (Miller, 1997) for calculations of polymorphic loci number (P -95% criterion) and polymorphic loci percentage (%P), and genetic diversity index (H) for each population, and interpopulation variance (Φ ST ) and gene flow [Nm = (1-Φ ST )/4Φ ST ] according to criterion of Lynch and Milligan (1994) . A dendrogram was constructed based on a Jaccard similarity coefficient matrix, using the UPGMA method. The cophenetic correlation of these matrix was done using Mantel (1968) test. Popgene software (Yeh et al., 2000) was used for calculation of Shannon diversity index (I), total genetic diversity (H T ), and genetic diversity within populations (H S ). Tests were performed following three configurations: (i) all joined plants, (ii) adults plus seedlings from each fragment (the fragment as a sample unit), and (iii) all adults clustered compared to seedlings clusters of each fragment.
RESULTS
A total of 118 primers were tested, and fifteen of these were chosen for the DNA amplification. The number of bands scored by selected primers ranged from 3 (OPAT-14) to 14 (OPAT-15). Seventy-seven (78.6%) out of 98 DNA markers were polymorphic, under 95% of polymorphism criterion. Genetic diversity indexes were calculated for both adults and seedlings separately, and the data was used to access the influence of the last 60 years old regional forest fragmentation process. The adults were considered as the control, because they were much older than 60 years, and the seedlings were considered as postfragmentation samples. The total genetic diversity (H T =0.278±0.03) and within-population (Hs=0.195±0.02) was estimated for RAPD markers for all populations together. Genetic diversity indexes, as genetic diversity index of Nei (H), Shannon index (I), polymorphic loci number (P), and polymorphic loci percent (%P), were calculated for each population, and it was higher for the three sites in the PEMG (Table  1) . Average genetic diversity for the whole PEMG is H = 0.312 (seedlings plus adults). Other sites have shown values ranging from H = 0.125 (Fazenda São José) to H = 0.208 (Patrimônio Regina). Results showed a higher genetic diversity in the pool of adults (H = 0.287) when compared with the seedlings of each fragment, except for the PEMG samples, which exhibited diversity close to that obtained for the adults (Table 1) . Although the samples of largest area (PEMG) exhibited higher genetic diversity than some of the small areas, the coefficient of correlation between size of areas and genetic diversity was not significant. The Φ ST component, that served as differentiation index among the populations of different fragments (Table 2) , was not significant for samples collected in the PEMG when comparing adults and seedlings together. However, all the Φ ST values were higher than 0.05, which indicated a higher level of genetic structuring of these populations. The estimated gene flow (Nm) was higher to 1.0 only among PEMG samples, as well as between PEMG-1 and Patrimônio Regina (1.199, Table 2 ). The Φ ST values, both calculated with and without the adult individuals showed no significant correlation with the physical distance between fragments (Fig. 1) . Coefficients of variation for errors associated with estimated genetic distance among A. polyneuron genotypes were calculated for different numbers of RAPD markers and the results indicated that 50 bands would result in a coefficient near 10%, being 6.43% the result for 98 markers. This indicated that further increase in the number of markers could not result in an important reduction in the coefficient of variation (Fig. 2) . Measures of Jaccard similarity coefficient, used to make the dendrograms ( Fig. 3a and b) , are shown in the Tables 3 and 4 . When adults and seedlings of each fragment were analyzed together (Figura 3a), it was possible to observe the formation of two clusters, with the isolation of PEMG of the other analyzed fragments. When considering the 10 adult individuals as a group, apart from seedlings ( Fig. 3b ), these were isolated of the other fragments, and PEMG formed a cluster with Fazenda Morungava. 
DISCUSSION
Although fragmentation may have strong genetic effects, these effects can vary in different situations due to biology of focal species, landscape and forest community structure. The overall genetic diversity level (H T= 0.2776) and the polymorphic loci percentage (78.57%) of A. polyneuron, were close to some reports for other tropical species. Lerceteau et al., (1997) studied samples of an ex situ genetic bank of cocoa tree (Theobroma cacao L, Sterculiaceae), a small subcanopy tree, with animal-dispersed seeds and batpollinated flowers, and showed a total diversity (H T ) of 0.340 for RFLP markers. Whitkus et al. (1998) , in an analysis with 57 markers of RAPD with samples of Theobroma cacao found a percentage of polymorphism of 77.2%. Gillies et al. (1999) studied Mahogany populations (Swietenia macrophylla, Meliaceae), a species with wind-dispersed seeds like A. polyneuron, through RAPD markers and observed a Shannon index of diversity of 0.45. In A.
polyneuron a similar value of Shannon index was found (I=0.446). However, none of these studies reported explicit fragmentation influence over populations. These results could be auspicious for the conservation of A. polyneuron, if almost all of that genetic diversity was not confined to the pool of adults (established before fragmentation) in isolated fragments and only marginally maintained in the post-fragmentation cohorts in a single site, the "Mata dos Godoy" state park (PEMG), the only population with thousands of mature individuals. As a result of long life of A. polyneuron, the recent fragmentation process of Northern Paraná has not affected, until now, the total genetic diversity in adult cohorts. However, it was clear that, in the seedlings pool, population size and gene flow reduction could be a concern for conservation. While Hamrick (1990) revised several published isozyme analysis and suggested that outbreeding tropical trees usually keep a higher level of genetic diversity within than between populations, Chalmers et al. (1992) found most of genetic diversity occurring between populations of two Gliricidia species with RAPD markers. However, Chalmers et al. (1992) pointed out that isozyme analysis could not be directly compared to RAPD data. Our results agreed with Hamrick (1990) , but the adults in this study were part of a single, large interconnected population before fragmentation. Thus, only the genetic profile of seedlings could be considered as result of discrete populations.
Physical distance cannot be used to predict their genetic differentiation (Φ ST ), probably because an isolation threshold (where gene flow turn into zero) is reached very early, in the first kilometers. Some degree of correlation between Φ ST and physical distance only can be observed when adults are incorporated in the analysis, as long as they are inhabitants of a continuous forest before, where there is a continuous decrease in gene flow. Table 2 Cont. The results of Φ ST analysis indicated a high degree of genetic structure in the studied forest fragments (Table 2) . However, gene flow estimation (Nm) among PEMG samples and Patrimônio Regina contrasted with Jaccard results, where only among PEMG samples a higher degree of similarity could be observed. Though A. polyneuron trees are longlived, catastrophic events, such as tropical storms, have been causing more damage in small than in large forest fragments, due to edge effects, which increase broken and fallen trees frequency (Laurance, 1997 (Soares-Silva and Barroso, 1992). However, each loss of an adult in small fragments with few mature trees could reduce seed rain and consequently weak regeneration, besides of genetic losses. In spite we made no seedling inventory, we observed that in some of our study sites, seedling density was far less than in PEMG. As could be seen in dendrogram (Fig. 3b) , genetic distance data of the adult's pool against seedlings from different sites showed that there was no site where seedlings grouped with adults. Thus, the allelic frequencies in seedlings already showed changes, when compared to the pre-fragmentation scenario, which could be accredited to reduction of both number of mature adults and gene flow. According to Moritz (1994) , the divergence in allele frequencies among populations, regardless of distinctiveness of alleles themselves could turn those populations in independent "management units". As pointed out by Paetkau (1999) in early phases of an isolation process, local populations could be genetically homogenous, but should be managed independently. The fragmentation process in Northern Paraná began 60 years ago and all studied fragments were in recent isolation, but exhibited some degree of genetic divergence. All fragments in this study could be considered as several operational units. The goal of identifying management units is to help select spatially structured reserves of most of the genetic diversity of a species (Diniz-Filho and Telles, 2002) . However, there is a need to ensure the viability of conservation inside each operational unit and to keep an adequate gene flow, besides of creating preserves of most genetic diversity. Restricted gene flow could strongly impair survival of populations sizing fewer than 100 individuals (Couvet, 2002) , and most of A. polyneuron populations of forest fragments in the study area were under this size. Genetic diversity results indicated that the contribution of seedlings to overall polymorphism, with exception of PEMG, was decreasing, and allele fixation could be occurring in the process of recruitment. A few migrants per generation could contribute to revert this situation (Couvet, 2002) , but this could only be achieved in a short time by transplanting seedlings, because of the late reproduction of the species. Corridors allowing pollinators transit and containing sites for establishment of A. polyneuron individuals can be efficient only in the long time. Genetic data presented here was useful in revealing patterns of effects of habitat fragmentation in the studied species and showing the importance of local populations in the conservation of A. polyneuron. Although PEMG is unquestionably an important part of a regional strategy for conservation, it cannot be sufficient alone. Thus, the establishment of a system of reserves, based on remaining forest fragments, is imperative. Such a system should provide (1) buffer zones for protection of small forest fragments from edge effects, (2) mature trees active protection (e.g. controlling vines), (3) active transfer of seeds or seedlings among management units (i.e. forest fragments) and (4) plantation of seedlings with reasonable polymorphism in restoration areas near and directly into remnants. Forest fragmentation, due to clearing and selective logging, drive Atlantic forests of Northern Paraná region to a situation that, even if no more forest is cleared, the remaining patches can no longer sustain all biodiversity components in a short time scale, and the only way to halt this tendency is to manage the remnants and increase forest area by reforesting.
RESUMO
O método de RAPD foi usado para acessar a variabilidade genética em Aspisdosperma polyneuron, uma árvore tropical de vida longa e idade reprodutiva tardia, e muito importante na Floresta Atlântica. Amostras foram coletadas em seis fragmentos florestais na região da cidade de Londrina (Sul do Brasil), uma paisagem fragmentada na década de 30. O perfil de RAPD foi analisado em adultos (pré-fragmentação, >300 anos) e plântulas (pós-fragmentação, <<50 anos). Os resultados mostram uma queda no polimorfismo genético em gerações pós-fragmentação nos pequenos fragmentos e alta diversidade genética dentro das populações. A distribuição da diversidade genética sugere o estabelecimento dos fragmentos como reservas protegidas, e a transferência de plântulas entre os fragmentos para a conservação de A. polyneuron.
